In inertial confinement fusion (ICF) implosions, a laser irradiation induces a shock wave propagating through the target. During the shock transit time, the ablation front travels at a constant velocity, and any surface perturbations could grow due to the Richtmyer-Meshkov (RM)-like instability. [1] [2] [3] [4] [5] Later, when a rarefaction wave reaches the ablation surface, the acceleration of the interface becomes finite, and ablationfront perturbations (multiplied by the RM growth) grow due to the Rayleigh-Taylor (RT) instability. It is important to study the perturbation evolution during the shock transit time mainly for two reasons: (1) to determine the initial conditions for the RT phase of instability and (2) to analyze the level of laser imprint on directly driven ICF targets.
The RM instability occurs when a plane shock interacts with a corrugated interface between two fluids (see Fig. 77 .30). As a result of such an interaction, interface perturbation starts to grow because the transmitted shock is converging at the peak (point A) and diverging at the valley (point B). Converging shock increases pressure and accelerates perturbation peak into fluid 2. Similar instability occurs at the distorted interface of an ablatively driven target, where ablation pressure generates a rippled shock that induces pressure perturbation at the ablation front and causes distortion growth. The classical treatment of the RM problem leads to a linear-in-time asymptotic perturbation growth 1 
, where η is the interface perturbation, k is the mode wave number, c s is the sound speed of the compressed material, and η 0 is a constant depending on the initial conditions. Recent studies showed that the ablation of material from the target surface turns such a growth into damped oscillations. 4, 5 During the last two years, several researchers have made attempts to develop an analytic theory of the ablative Richtmyer-Meshkov instability. In Refs. 4 and 5, the authors, on the basis of a gas dynamic model, found saturation of perturbations. At the ablation front, however, they used an heuristic boundary condition that, as will be shown later, contradicts the result of the self-consistent theory. [6] [7] [8] In Ref. 3 the boundary conditions at the ablation front were derived by using the Chapman-Jouget deflagration model. As criticized in Ref. 5, however, this Theory of the Ablative Richtmyer-Meshkov Instability model does not give an adequate description of the ablative process. In this article, we develop a sharp-boundary model to study the imposed mass-perturbation growth during the shocktransit time. The boundary conditions at the shock front are derived using the Hugoniot relations. At the ablation front the result of the self-consistent analysis 6-8 is applied, and it is shown that the asymptotic behavior of the ablation-front perturbations is quite different from the earlier theoretical predictions. [3] [4] [5] In particular, the dynamic overpressure causes To study the linear perturbation growth during the shocktransit time, we consider a sharp-boundary model and identify the following three constant-density regions (see Fig. 77 .31): (1) uncompressed material (undriven portion of the target) y < y s (ρ = ρ 1 ), (2) material compressed by the shock y s < y < y a (ρ = ρ 2 ), and (3) ablated plasma y > y a with the density ρ = ρ 3 . In the ablation-front frame of reference, the compressed material and blowoff plasma are moving in a positive y direction with velocities V a and V V a bl = ρ ρ 2 3 , respectively. In the shock-front frame of reference, the undriven-and compressedfluid velocities are U P P The stability analysis of the described equilibrium is performed in the standard fashion. First, all perturbated quantities are decomposed in the Fourier space Q Q y t e ikx
. Then, in the frame of reference moving with the compressed-region velocity, the linearized conservation equations are combined into a single partial differential equation for the pressure perturbation p : 1,3,9
where c s is the sound speed of the compressed material. The boundary conditions at the ablation front can be derived by integrating the perturbed conservation equations across the interface y = y a . The result is˜˜,
where superscript l denotes the blowoff region variable,
, and ζ a = kη a is the normalized ablation-surface perturbation. It is well known 10, 11 that the sharp-boundary model cannot be solved in closed form in the presence of ablation without a supplementary boundary condition at the surface of discontinuity. The closure equation can be derived only by using the self-consistent stability analysis of ablation fronts. In Refs. 6-8 such an analysis was carried out by keeping finite thermal conductivity in the energy-conservation equation. Taking the limit of zero ablation-front thickness in the analytical solution, one can derive the jump conditions for the hydrodynamic quantities at the ablation front. 8, 10 In addition to the conditions (2), the following jump in the perturbed transverse velocity is found:
Observe that by combining Eqs. (2) and (3) 
where constants M µ and N µ are determined from the boundary conditions (5)- (8) . The temporal evolution of the front-surface perturbations is described by Eqs. (7) and (8) 
The last assumptions will be verified a posteriori. The system 
where f (T) satisfies the first-order differential equation
In Eqs. (11) and (12) 
The constant B and function A(T) are determined from the matching conditions. The functions M µ (T) can be found by solving Eqs. (11)- (13) 
where
Observe that Eqs. (14) and (15) confirm our initial assumption (10). Next, we derive an equation for the δ correction to the front perturbation. Keeping δ-and δ 3/2 -order terms in Eq. (11) 
tanh . , and the effective acceleration is pointing in the direction of the density gradient (from the perturbed ablation surface toward the shock compressed region). From the equation describing the temporal evolution of a gravity wave ˙η η = kg eff , it follows that the frequency of oscillations is ω = −kg kV V L a eff Ӎ bl , and we recover the result of Eq. (21) with L = 1/k. The simple model described above shows that the dynamic overpressure is the main stabilizing mechanism of the ablation-surface perturbations during the shock-transit time. The estimate of the oscillation frequency can be also obtained by using the result of the self-consistent theory of the ablative RT instability. [6] [7] [8] For the large Froude number case (small acceleration), the perturbation growth rate is γ 21)] with the result of numerical simulations, one needs to estimate the value of blowoff velocity V bl . Simulations and the selfconsistent analysis of ablation fronts [6] [7] [8] show that the velocity of ablated plasma is not uniform, and it increases in the direction toward the blowoff plasma. As shown in Refs. 7, 8, and 10, however, the appropriate value of the blowoff velocity to be substituted into the sharp-boundary model is For the cryogenic NIF target designs, V a Ӎ 2 µm/ns during the shock-transit time, and T DT = 2.5 ns for 20-µm perturbation wavelength. In this case the ablation-front perturbations will experience several oscillations (the breakout time for such targets is around 5 ns). Figure 77 .32 shows the front-perturbation evolution of the 200-µm-thick DT foil driven by a square pulse with an intensity of 100 TW/cm 2 . The initial amplitude of perturbation is 0.1 µm, and its wavelength is 20 µm. The dots represent the result of 2-D hydrocode ORCHID, 13 and the solid line shows the prediction of the sharp-boundary model. Observe that the analytic formula (21) reproduces not only the period of oscillation but also its amplitude.
In summary, the analytic theory of the ablative RichtmyerMeshkov instability was developed. It was shown that the main stabilizing mechanism of the ablation-front perturbations is the dynamic overpressure of the blowoff plasma with respect to a target material. 
